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Key points

1. Anaemia in pregnancy is defined as a haemoglobin concentration of less than 11 g/dl in the first and third trimesters, 
and 10.5 g/dl in the second trimester.

2. The diagnosis and effective treatment of chronic anaemia in pregnancy is an important way of reducing the need 
for future transfusions. The decision to transfuse blood should not be based on haemoglobin levels alone, but also 
on the patient’s clinical need.

3. Blood loss during normal vaginal delivery or caesarean section does not normally necessitate transfusion provided 
that the maternal haemoglobin level is above 10.0–11.0 g/dl before delivery. The haemoglobin concentration should 
return to normal by 2 weeks postpartum. If this does not happen, further investigation is required.

4. Obstetric bleeding may be unpredictable and massive. Every obstetric unit should have a current protocol for major 
obstetric haemorrhage and all staff should be trained to follow it.

5. If disseminated intravascular coagulation is suspected, do not delay treatment while waiting for the results of 
coagulation tests.

6. The administration of anti-RhD immunoglobulin to all RhD-negative mothers within 72 hours of delivery is the 
most common approach to the prevention of Rhesus disease of the newborn.
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6.1 Introduction

Chronic anaemia and acute blood loss in pregnancy are major causes of maternal morbidity and mortality worldwide. 
Anaemia in pregnancy also increases the likelihood of intrauterine growth retardation, premature birth and fetal loss. 
Anaemia in pregnancy and its effects on maternal and perinatal morbidity and mortality can be avoided by effective 
prevention and treatment. It is therefore essential to identify anaemia and take early corrective measures. This will 
minimize the risks to mother and child and reduce the need for transfusion if obstetric haemorrhage occurs.

The goal of this chapter is to provide information on the natural changes of pregnancy that impact haematological 
parameters and guidance on pre-emptive measures that can be taken to improve the outcome for both mothers and 
their newborn children.

Learning outcomes

After studying this chapter, the reader should be able to:

1. Describe the haematological changes in pregnancy.

2. Make an informed assessment of the obstetric patient and be able to diagnose chronic anaemia.

3. Promote preventive measures to reduce chronic anaemia in the obstetric patient.

4. Provide appropriate treatment for the obstetric patient with chronic anaemia.

5. Provide appropriate treatment for the obstetric patient with acute blood loss.

6. Identify the fetus at risk of haemolytic disease and take measures to prevent haemolytic disease of the fetus and 
newborn (HDFN).

6.2 Physiological and haematological changes
 during pregnancy

During pregnancy, several haematological changes occur. These are described in the following sections.

Plasma volume

There is a 40–50% increase in plasma volume, which reaches its maximum by week 32 of gestation. This is accompanied 
by a similar increase in cardiac output. These changes:

 increase blood supply to the uterus;

 increase the excretory capacity of the kidneys;

 help dissipate heat produced as a result of the elevated metabolic rate during pregnancy;
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 protect the fetus against impaired placental perfusion as a result of aortal-caval compression by the gravid uterus.

Red blood cells

The mother’s red cell mass increases by 18–25% during pregnancy. This occurs more slowly than the increase in plasma 
volume and is of smaller magnitude. As a consequence, pregnancy is naturally associated with a physiological anaemia 
(also referred to as dilutional anaemia). It is important to note that an elevated haemoglobin concentration during 
pregnancy may be a sign of pre-eclampsia in which plasma volume is reduced.

Iron metabolism

The mother’s iron requirement is increased during the last two trimesters of pregnancy because of the demands of the 
fetus and the increase in maternal red cell mass. Up to 80% of the increased requirement occurs in the last trimester.
The total iron requirement over the whole pregnancy is approximately 1300 mg (Fig. 6.1), which is made up of:

 300 mg for the fetus

 50 mg for the placenta

 450 mg for the increase in the maternal red cell mass

 250 mg for the mother’s “basal” iron losses

 250 mg for blood loss during a normal vaginal delivery (500 ml).

Although intestinal iron absorption increases during pregnancy, dietary iron intake may not be able to meet the 
increased iron requirement. Thus the body’s iron stores may be drawn upon to compensate. If these stores are 
inadequate, the mother will become anaemic if iron supplements are not given.

Coagulation and fibrinolytic systems

For more information, see section 1.2 in Chapter 1: General physiology.

During pregnancy, a physiological hypercoagulable state develops. There is an increase in both platelet activation and 
the levels of coagulation factors, particularly fibrinogen, Factor VIII and Factor IX. In addition, the fibrinolytic system is 
suppressed. The effect is to protect the mother from haemorrhage during labour and delivery. However, these changes 
also result in an increased susceptibility to thromboembolism.

ACTIVITY 6 .2

Identify any gaps in your knowledge and understanding of the physiological and haematological changes in pregnancy that 
might affect your assessment and management of obstetric patients.
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Figure 6 .1 . Iron requirements during pregnancy

Source: Reproduced with permission from: Auerbach M, Landy HJ. Anemia in pregnancy. In: UpToDate, Post TW (ed), UpToDate, Waltham, MA. 
Copyright © 2019 UpToDate, Inc. (For more information visit www.uptodate.com.) 

6.3 Chronic anaemia in pregnancy

Anaemia in pregnancy, as defined by the World Health Organization (WHO), is a haemoglobin concentration of less 
than 11 g/dl in the first and third trimesters. In the second trimester, a fall of 0.5 g/dl due to increased plasma volume 
is allowed for and a cut-off value of 10.5 g/dl is used, as shown in Table 6.1.

Table 6 .1 . Defining anaemia in pregnancy

Stage of pregnancy Anaemic if less than (g/dl)

First trimester 0–12 weeks 11.0

Second trimester 13–28 weeks 10.5

Third trimester 29 weeks–term 11.0

6.3.1 Causes of anaemia

The two most common causes of anaemia in pregnant women are physiological anaemia, due to the expansion of 
plasma volume as described in section 6.1, and iron deficiency. However, it is important to consider other etiologies 
of anaemia during the evaluation of a pregnant woman who presents with anaemia.
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Iron deficiency
Several factors may contribute to iron deficiency in pregnant women. The most common cause, particularly in resource-
limited settings, is insufficient dietary intake of foods rich in iron or limited access to foods that enhance iron absorption 
(see Table 6.2).

Table 6 .2 . Food sources and iron

Iron-rich foods

Liver

Beef

Turkey

Shrimp

Beans

Lentils

Enriched cereals

Iron absorption-enhancing foods

Citrus fruits (oranges, grapefruit)

Strawberries

Broccoli

Peppers

Iron absorption-diminishing foods

Dairy products

Soya products

Coffee/tea

Spinach

Additional contributors to iron deficiency include parasitic infections (for example, hookworm and schistosomiasis), 
which can rapidly lead to iron deficiency anaemia in individuals whose dietary intake of iron is low and whose body 
iron stores are already depleted. Depletion may be due to blood loss during prior pregnancies and/or menstruation, 
or short birth intervals, since it may take up to 2 years to replenish pre-pregnancy iron stores.

Folate deficiency
Folate requirements during pregnancy increase by up to eightfold above the non-pregnant state, especially in 
the last trimester and during lactation. Body stores of folate are limited and dietary folate may be insufficient. 
Consequently, anaemia (either macrocytic or normocytic) may develop. Because folate deficiency may occur in 
addition to iron deficiency anaemia it is important to consider the possibility of folate deficiency in a pregnant 
woman who shows a poor response to iron supplementation.

Vitamin B12 deficiency
Deficiency of vitamin B12 is due to malabsorption or to dietary deficiency. Fortunately, dietary deficiency is rare, but 
should be suspected in the following circumstances:

 patients who decline to eat any animal protein (vegans);

 patients from populations whose diet contains little or no animal protein; and
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 patients at risk for malabsorption secondary to bariatric surgery involving the ileum.

 HIV infection

If a patient has anaemia with leukopenia, thrombocytopenia, lymphadenopathy and/or oral candidiasis, consider the 
possibility of HIV infection.

Malaria
Haemolysis due to malaria is an important cause of severe anaemia in pregnancy. If malaria is suspected in a pregnant 
woman, early diagnosis and treatment is essential to minimize the risk of maternal morbidity and mortality and the 
need for transfusion. For women diagnosed with uncomplicated Plasmodium falciparum infection in the first trimester 
of pregnancy, the WHO guidelines recommend 7 days of treatment with quinine and clindamycin.1 Artemisinin-based 
combination therapy is recommended for women diagnosed in the second or third trimester of pregnancy. Women 
diagnosed with uncomplicated P. vivax, P. ovali, P. malariae or P. knowlesi infection should be treated with chloroquine (or 
quinine in chloroquine-resistant areas) during the first trimester of pregnancy and with artemisinin-based combination 
therapy if diagnosed in the second or third trimester.

Sickle cell disease
Anaemia in sickle cell disease is usually severe and may be exacerbated by acute sequestration of sickled cells in the 
spleen or, more commonly, by the aplastic crisis that occurs when bone marrow red cell production slows down during 
acute infections. Folate deficiency is common in sickle cell disease because of high red cell turnover. Because the body 
does not excrete iron and recycles the iron from the red cells, iron deficiency in women is no more common than in 
the general population.

6.3.2 Assessment of chronic anaemia in pregnancy

When anaemia is detected, it is important to determine the cause and assess its severity, including any evidence of 
clinical decompensation (see Table 6.3).

Table 6 .3 . Clinical assessment of anaemia in pregnancy

Clinical history

Nonspecific symptoms of anaemia

Tiredness/loss of energy

Light-headedness

Shortness of breath

Headache

Ankle swelling

Worsening of any pre-existing symptoms, e.g. angina

History and symptoms relating to the underlying disorder
Nutritional deficiency: poor dietary history

Short birth intervals

Previous history of anaemia

Bleeding during current pregnancy

1 For the latest updates to WHO recommendations, consult the website (https://app.magicapp.org/#/guideline/4807).
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Physical examination

Signs of anaemia and clinical decompensation

Pale mucus membranes (palms, nailbeds)

Rapid breathing

Tachycardia

Raised jugular venous pressure

Heart murmurs

Ankle oedema

Postural hypotension

Altered mental state

Signs of an underlying disorder

Evidence of blood loss

Assessment should be based on:

 patient’s clinical history;

 physical examination; and

 laboratory investigations to determine the specific cause of anaemia: for example, serum ferritin, folate, or vitamin 
B12 deficiency.

6.3.3 Prevention and management of chronic anaemia in pregnancy

The prevalence of anaemia during pregnancy can be reduced by:

 prevention and management of nutritional anaemia; and

 adequate antenatal care.

The following measures are particularly important in preventing nutritional anaemia in pregnant women.

 education about nutrition, food preparation and breastfeeding, with particular emphasis on the effects on the 
fetus and newborn;

 the provision of adequate maternal and child health care; and

 access to family planning information, education and services.

Nutritional supplementation

Iron
Dietary sources of iron: Iron deficiency is mainly due to inadequate nutrition and resource limitations precluding 
access to iron-rich foods. It is important to be aware of the two types of dietary iron (haem and non-haem) since 
their bioavailability differs:
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 Haem iron is well-absorbed and is present in foods of animal origin, such as meat, poultry and fish.

 Non-haem iron is poorly absorbed and is present in foods of plant origin, such as whole grain cereals, tubers 
and vegetables.

The absorption of non-haem iron requires the presence of vitamin C or meat, poultry or fish in the diet.

Iron supplementation: In pregnant women found to have iron deficiency anaemia, iron repletion with either 
oral supplementation beyond that available in prenatal vitamin supplements or intravenous administration is 
recommended (see Table 6.4). Oral iron supplementation at a dose range of 60–200 mg of elemental iron/day is 
most appropriate for most women who are diagnosed with iron deficiency during the first trimester of pregnancy. 
It is safe, inexpensive and readily available. To improve adherence, some recommend an alternate-day dosing 
regimen, which enhances iron absorption and reduces the gastrointestinal discomfort often associated with 
daily dosing.

Table 6 .4 . Iron supplements

Preparation Dose

Ferrous fumarate 106 mg elemental iron per 325 mg tablet

Ferrous sulfate 65 mg elemental iron per 325 mg tablet

Ferrous gluconate 34 mg elemental iron per 300 mg tablet

Iron dextran 50 mg elemental iron per ml, IM or IV

Ferric gluconate 12.5 mg iron per ml, IV only

Iron sucrose 20 mg iron per ml, IV only

IV, intravenous; IM, intramuscular.
Note that other preparations may be available in different locations.

Intravenous iron therapy is reserved for women who cannot tolerate oral iron supplementation or who are 
identified later in pregnancy (second or third trimester) as being iron deficient. Note that intravenous iron therapy 
is generally not administered during the first trimester due to lack of safety data for first trimester administration.

It is important to monitor haematological parameters to assess response to iron repletion. In general, if women 
adhere to the dose regimen for the iron supplements, and no other factors that could impair absorption 
are identified (for example, underlying malabsorption syndromes), one should expect to see an increase in 
haemoglobin levels within 2–3 weeks following initiation of repletion therapy.

Folate
Dietary sources of folate: A diet rich in legumes, green leafy vegetables and fortified grains provides sufficient 
folate for the non-pregnant woman. However, in resource-limited areas, or in countries where fortification has not 
been mandated, a risk for folate deficiency exists. Thus, folate supplementation in women planning for pregnancy 
(preconception supplementation) and during pregnancy is recommended.

Folate supplementation: The currently recommended dose for folate supplementation is 400 micrograms/day 
beginning before conception, or as soon as pregnancy is confirmed, up to 3 months postpartum. Most prenatal 
vitamin supplements contain 1 milligram folate, more than sufficient to meet the increased demands of pregnancy.
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For women with multi-gestation pregnancies, haemolytic disorders or personal or family history of neural tube 
defects, higher supplementation doses are recommended (5 milligrams).

Vitamin B12
Vitamin B12 supplementation: Pregnant women have a slightly increased daily requirement for vitamin B12, 
which can be readily met through diet and prenatal vitamin supplements. If there is laboratory evidence for 
deficiency, oral or parenteral supplementation can be used (1000 micrograms orally, every day, or 1000 micrograms 
intramuscularly, every 4 weeks).

6.4 Major obstetric haemorrhage

Obstetric haemorrhage, defined as excessive bleeding antepartum, intrapartum or postpartum, remains a leading 
cause of maternal morbidity and mortality worldwide. It may result from excessive bleeding from the placental site, 
from trauma or both. Uterine atony, or failure of the uterus to contract after delivery is the most common cause of 
postpartum haemorrhage. There are known risk factors associated with postpartum haemorrhage such as previous 
postpartum haemorrhage, fetal macrosomia, abnormal placentation and multiple gestation. More than half of women 
who experience postpartum haemorrhage have no identifiable risk factors. Prompt recognition and management of 
obstetric haemorrhage reduces the number of maternal deaths.

Major obstetric haemorrhage may or may not present with clear signs of hypovolemic shock as described below. 
Healthy individuals can successfully compensate for as much as 20 to 25% blood loss before overt signs of hypovolemia 
are clinically evident. Due to the physiological effects induced by pregnancy, however, women may demonstrate very 
few signs of hypovolemia even in the face of substantial blood loss. When risk factors for haemorrhage are present 
or haemorrhage is suspected, thorough assessment of clinical status is essential to detect clinical decompensation.

ACTIVITY 6 .3

Look back at section 6.3. What factors can cause anaemia during pregnancy? 

Review the records of the last 25 obstetric patients at your hospital. Note the haemoglobin levels recorded during pregnancy.
• How many of the pregnant women had their haemoglobin level or haematocrit measured during the last trimester?
• How many were anaemic?
• How many were prescribed iron?

Do your findings indicate appropriate care of women during pregnancy? If not, talk to senior colleagues about any steps that 
could be taken to improve their care.

ACTIVITY 6 .3 .1

Are any guidelines available in your hospital on the assessment and management of chronic anaemia in pregnancy? Are they 
accurate and comprehensive? Are they used systematically by all health workers involved in antenatal care? 

If there are no guidelines or you think they could be improved, prepare some draft guidelines and discuss them with senior 
colleagues.
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6.4.1 Signs of hypovolemia in major obstetric haemorrhage

 palpitations

 dizziness

 diaphoresis
 

 tachypnoea

 increased thirst

 hypotension

 tachycardia

 increased capillary refill time

 reduced urine output

 decreased level (or loss) of consciousness.

6.4.2 Causes of major obstetric haemorrhage

Massive haemorrhage may occur at any time during pregnancy, at time of delivery or most commonly, postpartum. 
Table 6.5 lists clinical conditions that may result in obstetric haemorrhage.

Table 6 .5 . Clinical conditions associated with obstetric haemorrhage

Fetal loss in pregnancy which may result in:
Incomplete abortion

Septic abortion

Ruptured ectopic pregnancy:
Tubal

Abdominal

Antepartum haemorrhage, which may be caused by:

Placenta previa

Placental abruption

Ruptured uterus

Vasa previa

Incidental haemorrhage from genital tract

Traumatic lesions including:

Episiotomy

Laceration of perineum or vagina

Laceration of cervix

Ruptured uterus
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Primary postpartum haemorrhage, which may be caused by:

Uterine atony

Retained products of conception

Traumatic lesions

Abnormally adherent placenta (accreta)

Clotting defects

Acute uterine inversion

Secondary postpartum haemorrhage, which may be caused by:

Puerperal sepsis

Retained products of conception

Tissue damage following labour

Breakdown of uterine wound after caesarean section

Disseminated intravascular coagulation induced by:

Intrauterine death

Amniotic fluid embolism

Sepsis

Pre-eclampsia

Placental abruption

Retained products of conception

Induced abortion

Excessive bleeding

Acute fatty liver

6.4.3 Management of major obstetric haemorrhage

The gravid uterus at term has a blood flow > 500 ml per minute through its circulation. Swift compression of the dilated 
uterine spiral arterioles by the uterine muscles is necessary to prevent excessive blood loss. If the myometrium fails 
to contract appropriately, rapid blood loss will continue even after the third stage of labour. Should first- and second-
line uterotonics such as oxytocin and misoprostol, respectively, fail to control postpartum bleeding, blood product 
transfusion along with invasive procedures such as intrauterine balloon tamponade, uterine artery ligation and 
hysterectomy may be needed as life-saving measures. An antifibrinolytic agent such as tranexamic acid is an additional 
pharmacological agent that may be used in these cases.

The patient’s life may depend on a rapid response from the obstetric team. Every obstetric unit should have a clearly 
defined protocol for managing obstetric haemorrhage and all staff should be trained to follow it. Protocols for massive 
transfusion and emergency-released blood products should be in place in all maternity units. Box 6.1 provides guidelines 
for the management of major obstetric haemorrhage.
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Box 6 .1 . Guidelines for management of obstetric haemorrhage

Resuscitate

1. Administer high concentrations of oxygen.

2. Position the patient head down, tilt/raise the legs.

3. Establish intravenous access (if not already present) with two large-bore cannulae (14G or 16G).

4. Infuse crystalloid replacement fluids or colloids as rapidly as possible.

5. Notify the blood bank/activate massive transfusion protocol.
5.1 Give Group O, RhD-negative emergency-released red blood cells until ABO type is known.
5.2 Once antibody screen is completed, give fully crossmatched red cells when available.
5.3 Give AB plasma if ABO type is not known to blood bank.

6. Use a pressure infusion device and warming device, if possible.

7. Call extra staff to assist as necessary.

Monitor/investigate

1. Ensure blood bank has a current sample for crossmatching additional blood products.

2. Order complete blood count and coagulation tests. Continue to monitor.

3. Continuously monitor pulse, blood pressure, capillary refill time and respiratory rate.

4. Insert urinary catheter and measure hourly output.

Stop the bleeding

1. Identify the cause of bleeding.

2. Examine the cervix and vagina for lacerations.

3. If there are retained products of conception and uncontrolled bleeding, treat as disseminated intravascular coagulation 
(DIC).

4. If uterus is hypotonic/atonic:
4.1 Ensure bladder is empty.
4.2 Give intravenous oxytocin, 20 units.
4.3 Give intravenous ergometrine, 0.5 mg.
4.4 Administer oxytocin infusion (40 units in 500 ml).
4.5 Administer bi-manual compression of the uterus.
4.6 If bleeding continues, administer deep intramuscular or intramyometrial prostaglandin directly into the uterus.
4.7 If bleeding continues consider use of 1 gram (100 mg/ml) intravenous tranexamic acid at a rate of 1 ml/min (given 

over 10 minutes), as long as it is given within 3 hours of birth.
4.7.1 A second dose of 1 gram tranexamic acid may be given if bleeding continues after 30 minutes, or if bleeding 

restarts within 24 hours of completing the first dose.

5. Consider surgery/hysterectomy earlier rather than later.
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Intraoperative blood salvage
Intraoperative blood salvage may reduce the amount of allogeneic blood products transfused to the woman having 
a major obstetric haemorrhage.

6.4.4 Disseminated intravascular coagulation

Disseminated intravascular coagulation (DIC) is a cause of massive obstetric haemorrhage. It may be triggered by 
placental abruption, intrauterine fetal death, eclampsia, amniotic fluid embolism and many other causes. The clinical 
picture ranges from major haemorrhage with or without thrombotic complications, to a clinically stable state that 
might only be detected by laboratory testing (Box 6.2 and Table 6.6).

Box 6 .2 . Management of disseminated intravascular coagulation

1. Treat the cause.
• Deliver fetus and placenta.
• Evacuate uterus, as indicated for retained or necrotic tissue.

2. Give uterine stimulants to promote contraction: e.g. oxytocin, ergometrine and/or prostaglandin.

3. Establish intravenous access and begin fluid resuscitation. In many cases of acute blood loss, the development of DIC can 
be prevented if blood volume is restored with a balanced salt solution: e.g. lactated Ringer’s solution.

4. Use blood products to help control haemorrhage.

5. If the patient is massively haemorrhaging, transfuse blood products according to the Massive Transfusion Protocol. If blood 
loss is less severe, transfuse products according to laboratory values and clinical signs and symptoms.
• If haemoglobin is < 7 g/dl and the patient is bleeding, transfuse red blood cells.
• If the prothrombin time and activated partial thromboplastin time is > 1.5 times control, transfuse fresh frozen plasma 

at 10–15 ml/kg.
• If platelet count is < 50 × 109/L and the patient is bleeding, transfuse one platelet dose (1 apheresis platelet or whole 

blood-derived equivalent).
• If fibrinogen is low (< 200 mg/dl) and the woman is bleeding, replace with cryoprecipitate. Give at least 10 packs, 

prepared from single donor units.
• If cryoprecipitate is not available, give fresh frozen plasma (10–15 ml/kg): 1 unit for every 2 units of red blood cells or 

lyophilized human fibrinogen concentrate if available.

ACTIVITY 6 .4

Are any guidelines available in your hospital on the management of major obstetric haemorrhage? Are they accurate and 
comprehensive? Are they used systematically by all staff involved in obstetric care? Are the necessary drugs readily available and 
easy to access? Does your obstetric unit perform protocol drills? Does your obstetric unit conduct post-event briefs?

If there are no guidelines or you think they could be improved, find out whether any have been produced elsewhere and try to 
obtain a copy. If none are available, prepare some draft guidelines and discuss them with your colleagues involved in caring for 
obstetric patients.

Once the guidelines have been agreed upon, organize a teaching session for all obstetric staff. 

Monitor whether the guidelines are being used correctly and arrange any further training that may be required.
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Table 6 .6 . Laboratory tests to evaluate for disseminated intravascular coagulation (DIC)

Laboratory tests

Platelet count

Prothrombin time (PT or international normalized ratio (INR))

Activated partial thromboplastin time (aPTT)

Thrombin time (TT): particularly helpful in establishing the presence or absence of DIC

Fibrinogen: normal concentrations at term should be 4.0–6.0 g/L

Fibrin degradation products (FDPs)

If laboratory tests are available, they will show:

Reduced coagulation factors (so all coagulation tests are prolonged)

Low fibrinogen and fibrin degradation products

Low platelet count: < 50 × 109/L

Fragmented red blood cells on peripheral smear

If these tests are not available, the following simple test for DIC can be used.

1. Take 2–3 ml of venous blood into a clean plain glass test-tube (10 × 75 mm).

2. Hold the tube in your closed fist to keep it warm (i.e. at body temperature).

3. After 4 minutes, tip the tube slowly to see if a clot is forming. Then tip it again every minute until the blood clots and the tube can be turned upside 
down.

4. The clot will normally form within between 4 and 11 minutes, but in blood from a woman with DIC, the blood will remain fluid well beyond 15 to 20 
minutes.

If DIC is suspected, do not delay treatment while waiting for the results of coagulation tests.

DIC is always secondary to an underlying process. Treatment should be directed towards the precipitating cause. 
Replacement of blood products is indicated when there is bleeding with acute DIC. The goal is to control the bleeding.

6.5 Haemolytic disease of the fetus and newborn (HDFN)

Fetal red blood cells can enter the maternal circulation throughout gestation. Under normal circumstances, however, 
feto-maternal bleeding occurs mainly at separation of the placenta during delivery. If the mother lacks blood group 
antigens from the father that are carried on the fetal red cells, she may produce immunoglobulin (Ig)G antibodies against 
these antigens. During subsequent pregnancies, these antibodies may cross the placenta and destroy fetal red cells.

Maternal antibodies to fetal red cells may also arise as a result of a previous blood transfusion. These will only affect 
the fetus if its cells carry the offending red cell antigen.

HDFN due to ABO incompatibility between mother and infant does not affect the fetus in utero but is an important 
cause of neonatal jaundice.
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HDFN due to RhD incompatibility is an important cause of severe fetal anaemia in countries where a significant 
proportion of the population is RhD-negative. RhD-negative mothers develop antibodies to a RhD-positive fetus, 
especially when the mother and infant are of the same or compatible ABO blood type. The fetal red cells are haemolysed, 
causing severe anaemia. The fetus may die in utero or be born with severe oedema, anaemia and jaundice.

Severe neurological damage after birth can be caused by a rapidly rising bilirubin concentration unless this is corrected 
by exchange transfusion. A skilled specialist team is needed to provide effective antenatal and neonatal care both to 
the pregnant woman and the newborn.

HDFN due to other blood group antibodies can also occur, in particular anti-c (also within the Rh blood group system) 
and anti-Kell. These two antibodies, together with anti-D are the only ones likely to cause significant anaemia in utero 
and to require fetal transfusion, with some very rare exceptions.

6.5.1 Red cell blood group typing and screening for red cell alloantibodies

The ABO and RhD group of all pregnant women should be determined when they first present for prenatal care, and 
the mother’s serum should also be screened for any IgG antibodies to red cells which can cause HDFN or could cause 
problems in obtaining compatible blood in the event of obstetric haemorrhage.

If antibodies are detected at a prenatal visit, the antibody titre should be monitored to assess for an interval increase 
that may be indicative of HDFN related to maternal antibody-fetal antigen incompatibility.

If no red cell alloantibodies are detected at the first prenatal visit, the pregnant woman should be re-evaluated by red 
cell antibody screening at 28–30 weeks gestation.

6.5.2 Management of the alloimmunized pregnant woman

Serial antibody titres
Prenatal history is important in determining optimal management of the alloimmunized pregnant woman. For patients 
with a previously affected fetus/newborn, serial titres are not recommended.

Rather, fetal well-being should be monitored through noninvasive ultrasound/Doppler technology to determine 
middle cerebral artery (MCA) velocity, and if required, fetal blood sampling (see below). For patients without a prior 
history, serial antibody titres every 4 weeks during the second and third trimesters may be helpful to determine risk 
for affected pregnancies. In general, an antibody titre of 0 to 1:8 predicts low risk for HDFN (except for anti-K where 
risk for HDFN does not correlate with antibody titre). Critical titres are considered as greater than 1:8 and necessitate 
monitoring by MCA Doppler or possibly fetal blood sampling.

Paternal red cell antigen typing
Red cell antigen typing of red cells from the father of the baby may help to determine the risk of the fetus’ red cells 
being positive for the antigen to which the maternal antibody is directed. For example, in a case where the mother’s 
antibody screen is positive for anti-K and the father of the baby is K-positive/k-positive (the antithetical allele), the baby 
has a 50% chance of being positive for the K-antigen. For some red cell antigens, in particular, the RhD antigen, red cell 
genotyping (where available) may be required to predict risk for fetal red cell antigen status.
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Noninvasive monitoring by Doppler middle cerebral artery (MCA) blood flow velocity 
Noninvasive monitoring of MCA blood flow velocity has been shown to be highly correlated with previously standard 
invasive modalities used to assess for HDFN (e.g. amniotic fluid bilirubin analysis). Serial assessment is important to 
improve the sensitivity and specificity of methods for assessing this risk. In affected pregnancies, as the fetus becomes 
progressively more anaemic, the MCA blood flow velocity increases. Once a critical threshold is met, fetal blood sampling 
is recommended to determine haemoglobin and initiate transfusion, if indicated.

Fetal blood sampling (FBS)
If the equipment is available, fetal blood sampling can, in cases of doubt, identify the blood group and the haemoglobin 
concentration directly. Transfusion via the umbilical cord (intrauterine transfusion) can then be given to correct anaemia.

6.5.3 Prevention of HDFN

Red blood cell selection for females of childbearing potential
To reduce the risk for alloimmunization in females of childbearing potential, several countries endorse the use of 
antigen-negative red cells for transfusion. Universally, RhD-negative units are selected for transfusion to RhD-negative 
females (and, in some cases, RhD-untyped females).

Additionally, some European countries endorse the use of K-negative red cells for all females of childbearing potential; 
and others extend this further to include Rh-c and E, in addition to K- negative units.

RhD immune globulin (RhIg)
The prevention of Rhesus disease of the newborn is based on the use of RhIg in RhD-negative women. RhIg prevents 
the sensitization and production of antibodies by an RhD-negative mother following exposure to RhD-positive red 
cells that may have entered the maternal circulation.

Approaches to prevention of Rhesus disease include:

 postpartum administration of RhIg to those RhD-negative women who give birth to an RhD-positive newborn;

 selective administration of RhIg antenatally to cover procedures or accidents in which risk for maternal–fetal 
blood exchange is high; and

 antenatal prophylaxis.

Postpartum prophylaxis
Postpartum prophylaxis is the most common approach to the prevention of Rhesus disease.

RhIg is administered at a dose of 300 micrograms (1500 IU) intramuscularly to an RhD-negative mother within 72 
hours of delivery if the newborn is RhD-positive. A 300 microgram dose of RhIg provides protection for up to 30 ml of 
fetal whole blood (15 ml of fetal red cells). If a Kleihauer-Betke or other test is performed to assess the volume of fetal 
blood in the maternal circulation and shows more than 10 ml of fetal red cells in the maternal circulation, additional 
RhIg must be given at a dose to cover the amount of fetal blood detected. RhIg dosing calculators can be found on 
the Internet to assist with determination of dose.
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Selective prophylaxis
If a potentially sensitizing event (see Box 6.3) occurs during the antenatal period, administration of RhIg is universally 
recommended. Recommendations on dosing vary according to country of origin and gestational age. Readers are 
encouraged to review local guidelines for RhIg dosing.

Box 6 .3 . Selective RhIg prophylaxis in the antenatal period

 Procedures during pregnancy
• Amniocentesis
• Cordocentesis
• Chorionic villus sampling

 Threatened abortion/antepartum haemorrhage

 Abdominal trauma

 External cephalic version

 Intrauterine fetal death

 Therapeutic termination of pregnancy

 Ectopic pregnancy

Antenatal prophylaxis
The introduction of RhIg administration to RhD-negative women following delivery of an RhD- positive baby 
dramatically reduced the rate of RhD-alloimmunization. The rate was further lowered following introduction of 
antenatal RhIg administration in the third trimester of pregnancy. Thus, some countries have developed guideline 
recommendations for antenatal RhIg administration to RhD-negative pregnant females at weeks 28–32 gestation, 
provided the patient’s red cell antibody screen is negative for anti-D.

There are two options for an intramuscular dosage schedule, both of which appear equally effective:

 RhIg administration, no less than 100 micrograms (500 IU), at 28 and 34 weeks.

 RhIg administration, 300 micrograms (1500 IU), at 28 weeks.

Decisions regarding which of the two dosage schedules to adopt should be considered in light of local and national 
guidelines, patient preference and likelihood of adherence to the treatment (if the first option is selected).
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ACTIVITY 6 .5

What is the local protocol for monitoring pregnant women with anti-D antibodies or other antibodies? Is it used appropriately 
and consistently?

Is RhIg readily available in your obstetric unit or clinic? Do you have guidelines in place for antepartum management of the 
RhD-negative patient and use of RhIg?

If you feel that the procedures are inadequate or ineffective, speak with your senior colleagues to determine how management 
might be improved.
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